This paper dealt with the bending properties of warp knitted fabric reinforced composites. With the increasing of course density and the variation of knitted structure, the bending strength and modulus increased in course direction and kept invariable in wale direction. Furthermore, the specimen setting back side of knitted fabric at tensile side exhibited superior bending strength in course direction.
INTRODUCTION
Knitted fabric is one of the established textile systems as same as woven and braiding fabric. However, the mechanical properties of knitted fabric reinforced composites have not been cleared. Moreover, extremely few investigations have been performed on the basic mechanical properties of knitted fabric reinforced composites. Ko et al. [1] presented the mechanical properties of multiaxial warp knitted fabric composites. Krishna and Hull [2] carried out an experiment work on the tensile properties of weft knitted composites with inlay fibers. Rudd [3] investigated the mechanical properties of weft knitted glass/polyester composite laminate.
The aim of this paper was to evaluate the bending properties of warp knitted fabric reinforced composites. Three kinds of warp knitted structure were prepared. The effects of knitting direction, knitted structure, density and specimen setting side on bending properties were discussed.
EXPERIMENT
Aramid fiber filament (T-240; Teijin Co.) was warp knitted on a double needle bar raschel machine (RM DU-6; Karl Mayar Co.) to produce single bar warp knitted structures. Fig.I shows the single dembigh, 1 x 3 single cord and I x 4 single cord, respectively which are called as Type A, B and C respectively. Furthermore, stitch density was also considered as an important parameter in knitted fabric reinforced composites as well as knitted structure. In this paper three kinds of course density (6,12 and 18) were selected. Course density means the number of courses per centimeter. The knitted fabric with course density of 6, 12 and 18 were denoted "06", "12" and "18", respectively.
Matrix used was unsaturated polyester resin (Ripoxy R-806, Showa High Polymer Co.), In order to obtain the same specimens of 2 mm thickness, the number of layers were 7,4 and 4 in Type A, B and C, respectively. The panel(35Omm x 400 mm) was fabricated by hand lay up method. A post curing treatment at 100°C, 3 hours was given to obtain optimum mechanical properties.
Bending specimen geometry was 52mm in length and 15mm in width. Three-point bending tests with 32mm mid span are performed by universal testing machine (Instron
4~06)
at cross h~ad speed 1mm/min. and at room temperature. In particular, the difference of knitted structure between face and back side was paid attention to. Structures shown in Fig.I (a) -(c) are face side of knitted fabrics, while the one shown in "Pig.I-Id) gives an example of back side in the case of Type C. Two kinds of bending specimens were prepared. One was that the face side was set at compression side. The other was that the face side was set at tensile side. The difference of specimen was identified by symbol "F" and "B" respectively. 
3-1 EFFECTS OF STRUcruRE AND DENSITY.
The results of bending tests are summarized in Table 1 . These were mean value of 5 specimens. It can be seen that the bending strength in course direction was much higher than that in wale direction. The bending modulus in course direction was also larger than that in wale direction. Fig.2 illustrates the bending stress-displacement curves of warp knitted reinforced composites Type A, Band C. It can be seen that the bending strengths increased in course direction,while the values kept invariable in wale direction. This tendency became remarkable from Type A to Type C, especially in the case of C06. It should be pointed out that the strength greatly increased by changing the knitted structures although the number of layers in warp knitted laminates decreased from Type A to B, C. This was because the variation of knitted structures form Type A to Type C led to the increasing of not only the orientation of the fiber bundle but the volume fraction of fiber in course The results of bending tests are summarized in Table 1 . These were mean value of 5 specimens. It can be seen that the bending strength in course direction was much higher than that in wale direction. The bending modulus in course direction was also larger than that in wale direction. Fig.2 illustrates the bending stress-displacement curves of warp knitted reinforced composites Type A, Band C. It can be seen that the bending strengths increased in course direction,while the values kept invariable in wale direction. This tendency became remarkable from Type A to Type C, especially in the case of C06. It should be pointed out that the strength greatly increased by changing the knitted structures although the number of layers in warp knitted laminates decreased from Type A to B, C. This was because the variation of knitted structures form Type A to Type C led to the increasing of not only the orientation of the fiber bundle but the volume fraction of fiber in course curves of warp knitted fabric reinforced composites AM, A12 direction, resulting in the increasing of bending strength and modulus. However, no change occurred in the interlocking region in wale direction, so that the bending strengths and moduli remained invariable.
Fig3 illustrates the bending stress-displacement curves of various densities. It was clear that the tendency of bending stress and modulus is the same as that mentioned above. The increasing of course density in wale direction contributed to more oriented fiber bundles in course direction.
3-2 EFFECf OF SETIING SIDE
. Fig. 4 shows the comparison of bending stress-displacement curves between face side and back side in course and wale direction of knitted composite laminate C06.
It is of particular interest to find that the bending strength of face side was significantly different from that in back side in course direction, however, no difference appeared in wale direction.
The strength of specimen cut out from parallel to wale direction was independent on specimen setting pattern in the bending test, however, the difference of strengths between specimen F and B was recognized in the case of course direction. In the case of F the fiber oriented to course direction was set at tensile side of bending test as shown in Fig. I  (d) while in the course of B it was hidden by the loops shown in Fig.l (c) . The difference of structure surface resulted in the difference of bending strength between F and B specimens. From the above results it is concluded that anisotropic nature of strength appeared in not only in-plane properties which were mentioned at section 3-1 but also out-plane properties as bending strength. The main results might be summarized as follows: (1) Bending strength and modulus of specimen cut out parallel to course direction was higher than that of wale direction. (2) Knitted structure and density greatly affected the bending properties and the in-plane anisotropic nature. (3)The specimen setting back side of .kni~ted fabric. at t~nsile side possesse~higher bending strength than that setting face side 10 course direction. However, no difference was shown in wale direction.
'
